The P-V-T properties of 2,3,3,3-Tetrafluoroprop-1-ene (CF 3 CF=CH 2 , HFO-1234yf), an environment friendly refrigerant, were measured using a constant volume apparatus. Measurements were carried out at temperatures from (243 to 373) K and at pressures from (84 to 3716) kPa. A total of 136 experimental points, taken along 12 isochores, were obtained. Our experimental results were compared with a preliminary equation of state. The measurements were also regressed to the Martin-Hou equation of state. No any other data on this fluid were found in the literature for the superheated region.
Introduction
HydroFluoroCarbons (HFCs) have been chosen as new refrigerants with no ozone depletion, but they have relatively large values of Global Warming Potential (GWP). As a result, the European Union decided to ban refrigerants with Global Warming Potential (GWP) over 150 in mobile air conditioning. This sector thus needs to find alternatives to the currently used fluid, R-134a (GWP=1430 for a 100 years time horizon). During the last decade, several refrigerants have been evaluated as possible options in automobile air conditioning, either natural refrigerants (i.e., R-744, carbon dioxide) or "synthetic" refrigerants. Regarding toxicity, the data demonstrate a low potential, similar to R-134a, by tests on male rats and mice.
5 as far as the ATEL (Acute Toxicity Exposure Limit) is concerned, HFO-1234yf also has a favourable value (101'000 ppm).
HFO-1234yf thermodynamic properties are very similar to R-134a: boiling point, critical point, and liquid and vapour density are comparable to R-134a. 6 The raise of interest on this specific fluid is also witnessed by several recent papers.
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In a recent paper from the same research group, 15 the saturated vapour pressure region in a wide temperature range was studied.
In spite of all these favourable considerations, to our best knowledge no experimental data on the superheated vapour region data of this fluid have been published so far in the open literature.
In this paper, the superheated vapour region pressures of this fluid were measured by means on an isochoric apparatus. Data were collected over a wide temperature range, from (243 to 373) K. 
Experimental Section
Materials. The sample was produced by the French group Arkema and donated by Centro Ricerche FIAT, Italy. It was then degassed to remove air and other non condensable gases by immersing it in liquid nitrogen and evacuating. It was then brought to room temperature and was again subjected to freezing, evacuating and thawing process. This procedure was repeated several times. Its purity was checked by gas chromatography using a thermal conductivity detector and was found to be better than 99.95 % on a molar basis by analysis of peak area.
Apparatus. The basic experimental setup has already been described elsewhere, 19 so it is only briefly outlined here. Two twin thermostatic baths were filled with different silicone oils (Baysilone M10 and Baysilone M100, Bayer). After charging with the sample, the setup could be operated over two temperature ranges, approximately from (210 to 290) K and from (290 to 360) K, depending on which bath was used. The two silicone oils have different kinematic viscosity values (10 and 100 cSt at room temperature, respectively). The one with lower kinematic viscosity, due to its higher volatility, was applied only for the low temperature range, while that with a greater viscosity was applied only at high temperatures. The spherical cells and pressure transducer are immersed in one of the two thermostatic baths. An auxiliary thermostat was used to reach below-ambient temperatures. The cell volume was estimated to be (273.5 ±0.3) cm 3 at room temperature 19 and the cell volume change with temperature was taken into account. 20, 21 The pressure and temperature data acquisition systems were identical to those of the previous apparatus. 20, 21 A PID device was used to control the temperature, which was measured using a calibrated resistance thermometer; the total uncertainty of the temperature measurements was ±0.02 K. The charging procedure has been described elsewhere. 22 The uncertainty in the measurement of the mass inside the cell was estimated to amount to ±5 mg. The volume of the cell, piping and pressure transducer cavity is measured with an uncertainty of ±0.0003 dm 3 . From the uncertainties in the mass and volume measurements, the uncertainty in calculated molar volume was estimated to be about 1 %.
The uncertainty in the pressure measurements stems from the uncertainty of the transducer and null indicator system, and the pressure gauges. The uncertainty of the digital pressure indicator (Ruska, mod. 7000) is ±0.003 % of its full scale. The total uncertainty in the pressure measurement, considering also the temperature fluctuations due to bath instability, was found to be always lower than ±0.8 %.
Results and Discussion
In order to check the reliability of the experimental setup, 24 superheated vapour region points along 4 isochores were taken for R-134a approximately in the same temperature range (from 253 K to 373 K) of the measurements taken for HFO-1234yf. This fluid was chosen as a reference because of its very well known thermophysical properties, and the Tillner-Roth equation of state 23 implemented in REFPROP 8.0 is able to calculate densities for R-134a with typical uncertainties of 0.05 %. In Table 1 the experimental data for R-134a are reported together with deviations with data calculated by REFPROP 8.0 calculations. Absolute and relative deviations were reported in Figures   1 and 2, respectively. Defining AAD (P) as:
the measured data were well represented by the equation of state, and deviations showed an AAD (P)= 0.1 %.
In total, 136 experimental points for HFO-1234yf were collected along 12 isochores in the superheated vapour region. The data are reported in Table 2 . 
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The Martin-Hou EoS was regressed minimizing the AAD (P) and acting on two parameters: M = (P-P c )/(T-T c ) and T B , the Boyle Temperature. According to the original paper, 18 T B spanned from 500 to 1000 K, while the M value spanned from 0.1 to 0.9, taking as a reference the values obtained from the critical isometric estimated by REFPROP 8.0. 16 All the obtained parameters were summarized in Table 3 .
In order to minimize the AAD (P), the 1 plus 1 Evolution Strategy technique 24 based on the evolutionary fast algorithm was developed.
Comparing eq 2 with the experimental temperature and volume data, the deviations from the experimental pressure were calculated for each data point and the results are shown in Figures 5 and 6. Deviations showed an AAD (P)= 0.44 %, and few points of the results in Figure 6 were out of the experimental uncertainty limit, again shown with the dashed line.
However, both predictions, excluding 2 series, generally showed the same trend of deviations for the different isochores. In addition, the isochores with lower charge showed a slight increase of deviation with the lowering of temperatures for both models.
Conclusions
The measurements of 136 experimental points along 12 isochores for the superheated vapour region were obtained using a constant-volume apparatus for HFO-1234yf. To check the reliability of the experimental setup, 24 experimental superheated vapour points along 4 isochores were taken for R134a in the same temperature range of the present paper measurements, and good consistency with Table 2 . Experimental P-V-T Data for HFO-1234yf. , m=5.893 g; , m=6.669 g; , m=7.481 g; , m=10.518 g; , m=12.327 g; , m=23.602 g; , m=37.550 g; , m=39.663 g; , m=124.890 g.
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